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Preface

This report summarizes research conducted by the author as a Summer Faculty Fellow for
the Hydroblast Research Cell at Marshall Space Flight Center (MSFC) in 1995. The project

is a_continuati 0 one SEC Fellow in 1994 [3] and has consist

identifying and investigating the basic properties of rotating, multijet, high pressure water
nozzles, and how particular designs and modes of operation affect such things as stripping
rate, standoff distance and completeness of coverage. The study involved computer simula-
tions, an extensive literature review, and experimental studies of different nozzle designs.

Introduction

The Hydroblast Research Cell at MSFC is both a research and a processing facility. The cell
is used to investigate fundamental phenomena associated with waterjets as well as to clean
hardware for various NASA and contractor projects. In the area of research, investigations

are made regarding the use of high pressure waterjets to strip paint, grease, adhesive and
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use ozone depleting chemicals (ODC) such as chlorinated solvents, and high pressure waterjet
cleaning has proven to be a viable alternative [6,7]. Standard methods of waterjet cleaning
use hand held or robotically controlled nozzles. The nozzles used can be single-stream or
multi-jet nozzles, and the multijet nozzles may be mounted in a rotating head or arranged
in a fan-type shape.

We consider in this paper the use of a rotating, multijet, high pressure water nozzle which
is robotically controlled. This method enables rapid cleaning of a large area, but problems
such as incomplete coverage (e.g. the formation of “islands” of material not cleaned) and
damage to the substrate from the waterjet have been observed. In addition, current stripping
operations require the nozzle to be placed at a standoff distance of approximately 2 inches
in order to achieve adequate performance. This close proximity of the nozzle to the target
to be cleaned poses risks to the nozzle and the target in the event of robot error or the
striking of unanticipated extrusions on the target surface as the nozzle sweeps past. Two
key motivations of this research are to eliminate the formation of “coating islands” and to
increase the allowable standoff distance of the nozzle.

Nomenclature

For definitions of commonly used waterjet technology terms, see [3].
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From (3] we have a formula for the maximum number of orifices that can be placed on a
nozzle for a given flow rate, pressure and orifice exit diameter. If F' = flow rate, A = cross
sectional area of orifice exit, v = exit velocity of waterjet, d = exit diameter of orifice, p =
pump pressure Pa_= atmospheric pressure, p = density of water and n = number of orifices,
then n < 25 #IT)’ where ¢, is an experimentally determined constant called the velocity

coefﬁcxent Wthh is usually between 0.9 and 0.95 [6]. For a conservative assessment of n,
we set ¢, = 1. Thus if FF = 13 gpm = 50in3/sec, p = 36,000 psi, and d = .019in, we have
n < 6.36 (i.e. n < 6). Once the number of orifices for the nozzle is chosen, the effect of
different placements can be studied, and in [3] we show that the optimum arrangement for
cleaning applications is to arrange the orifices at an equal distance from the center of the
nozzle with equal angular spacing (see Fig.1). Then, if the minimum trace width of all the
orifices is denoted by w,, sweep rate and angular velocity must satisfy the relation w > M
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mm, then we require w > 207 rad/sec for complete coverage.

The preceding analysis assumes that the centerline of the nozzle is aligned perpendicular
to the target which is assumed flat as shown in Fig.1. A precise characterization of the jet
shape is necessary to determine the trace width w,. For practical purposes, a chart showing
trace width w; as a function of standoff distance for various operating pressures can be
determined experimentally. We note here that the influence of gravity on the jet must also
be accounted for, although this effect will be negligible for short jets.

Computer Simulation

A computer program consisting of a collection of MATLAB “m-files” (see Ref. [4]) has been
written to assist operators of the Hydroblast Research Cell in selecting the fastest possible
sweeprate allowed for a given set of system parameters. In addition to this operational
computer program, Computational Fluid Dynamics (CFD) analysis has been initiated as a
means of evaluating different nozzle and orifice designs.

Orifice Geometry and Jet Compactness



Testing Procedures

The methods chosen for evaluating different orifice designs were stripping tests, high-speed
video, high-speed film, still photography and pressure measurements. (We note here that
filming high-speed waterjets requires extremely bright lighting conditions.) For the stripping
test, 24 inch by 24 inch panels coated with MCC (Marshall Convergent Coating) were used
as targets and stripping ability was determined at various standoff distances and water
pressures. A test figure was designed for measuring the pressure delivered by the waterjet
to the target (see Fig.4). (Fabrication of the fixture was not completed in time to use this
summer.) As seen in the figure, water strikes a target disk and imparts a force, which is then
transmitted through a lever to the load cell. By adjusting the position of the support, we can
change the sensitivity of the system. By measuring the force on targets of different diameters,
we _rap.determine the force actine on_thin annular reeions at various radial distances. Bv
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radial distance from the center of the jet. These measurements can then be made at several
different standoff distances. This system is a low-cost alternative to measuring pressure via
a pressure transducer which is placed directly in the path of the jet [5].

Results

Due to necessary repairs and refurbishments of the Hydroblast Research Cell equipment dur-
ing the author’s stay at MSFC, it was only possible to do preliminary testing on the orifice
designs described in the section on “Orifice Geometry and Jet Compactness”. These prelim-
inary results consist of a qualitative assessment of the relative ability of the orifices to strip
MCC from panels. The water pressure supplied to the orifices during the tests was 15,000
psi. From best to worst. the orifices were judged as follows: A6, B6, B3, A3, AQ, BO, B1, Al.



selecting sweeprates for a given set of system parameters. CFD analysis has been initiated.
Orifice geometries likely to produce highly compact jets have been designed and fabricated.
Preliminary tests of these orifices have been conducted and indicate that some of these
designs may provide an order of magnitude increase in the standoff distances that can be
achieved with current waterjet cleaning systems.
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